To investigate whether 165-235 rDNA (rDNA) spacer region length polymorphisms are suitable for the identification of Staphylococcus strains, the 16S-235 rDNA intergenic spacer region lengths of 221 strains belonging to 31 species were studied by using a PCR-based method. Each species presented a specific 165-235 pattern made of 1-8 fragments ranging from 104 to 771 bp, with the exception of the species Staphylococcus warneri, Staphylococcus caprae and Staphylococcus piscifermentans, which presented larger or smaller fragments. Very few species showed more than one pattern, Staphylococcus saprophyticus subsp. saprophyticus and Staphylococcus aureus being the most heterogeneous species (five different patterns for eight strains). Five clinical strains that could not be identified at the species level by phenotypical tests were finally identified using this method. Discrimination between some species that showed close patterns (Staphylococcus cohniilStaphylococcus chromogeneslStaphylococcus equomm, Staphylococcus aureuslStaphylococcus in termedius, Staphylococcus sciurilStaphylococcus pasteurilStaphylococcus gallinarum, Staphylococcus delphinilStaphylococcus felis, Staphylococcus wituluslStaphylococcus auricularis) was further achieved after Dral digestion of the PCR products. Although it does not allow discrimination of subspecies, the use of 16s-235 spacer region length data determined by PCR-mediated amplification is suitable for the identification of the 31 Staphylococcus species tested in this study. The method is rapid, easy and may be a useful tool for the identification of Staphylococcus species in the clinical microbiology laboratory.
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Staphylococci remain among the most important pathogens isolated in the clinical microbiology laboratory (13) . Phenotypic methods, including biochemical systems (9, 11, 17, 18, 19) and GLC analysis of cellular fatty acids (20) have been evaluated as identification methods for staphylococcus species. However, a large number of isolates are still incorrectly or not identified by these methods, and supplementary tests are often required for complete identification (9, 19 (5). However, these methods are fairly laborious, the patterns may be difficult to interpret, and interlaboratory reproducibility and standardization still need improvement. There is therefore a need for accurate genotyping systems that can be easily applied for the identification of Staphylococcus species in clinical microbiology laboratories. The genes encoding rRNA are highly conserved in bacteria and other kingdoms. With some exceptions, the rRNA operon is transcribed into one pre-rRNA transcript that contains the following sequences (in the order 5' + 3') : 16S, internal transcribed spacer, tRNA, internal transcribed spacer, 23S, internal transcribed spacer and 5s rRNA. Although the 16s and 23s rRNA genes have been used extensively to study the evolution and differentiation of bacterial species, the sequences of 16s and 23s rRNA genes are very similar from one Notes species to another within a genus, making it necessary to find other species-specific sequences. The sequence of the intergenic spacer region between these two genes, however, is more variable than the sequence of the genes themselves and has led some authors to propose the study of this 16s-23s spacer for bacterial identification (2, 8) . Many bacteria have multiple copies of the rRNA operon per genome which has raised the possibility of using this method for the epidemiological typing of Burkholderia cepacia (1 4) and Clostridiurn dzficile (6) . The method has also been proposed for the identification and typing of many other bacteria (1, 8) , and has been used previously to type Staphylococcus aureus isolates (3, 7, 15) . In the present study, we tested 16s-23s rDNA intergenic spacer PCR analysis (ITS-PCR) as a tool to identify Staphylococcus isolates at the species level.
The study was carried out with 221 Staphylococcus strains, comprising 153 human clinical isolates, 30 animal isolates and 38 reference strains ( Table 1 ). The human and animal strains were collected and phenotypically identified as described previously (4) by the Centre National de Rkference des Staphylocoques (Lyon, France) between 1985 and 1997. Most of the clinical and animal strains were also identified by ribotyping, and some of them were identified by DNA-DNA hybridization (1 9). The oligonucleotide primers used for PCR amplification of the 16s-23s intergenic spacer regions have been described previously (1 0). Primer G 1 (5'-GAAGTCGTAACAA-GG-3') (Eurogentec), which was selected from a highly conserved region in the 16s RNA gene, is located about 30-40 nucleotides upstream from the spacer region. Primer L 1 (5'-CAAGGCATCCACCGT-3') contained the most conserved 23s sequence immediately following the spacer and is located about 20 nucleotides downstream from the spacer boundary. Primers for both the 16s and 23s regions were limited to a length of 15 nucleotides because of variations in sequence beyond these highly conserved regions. Strains were grown for 48 h at 37 "C on trypticase soy agar plates containing 5 % horse blood (TSAB) (bioMkrieux). A 10 pl loopful of bacteria was then resuspended in 10 ml distilled water. The bacterial suspension was centrifuged for 3 min at 3000g. One microlitre of the pellet was disrupted by incubation in 55 p1 of a 75 pg ml-l lysostaphin solution (Sigma). This mixture was incubated for 30 min at 37 "C, then 30 min at 95 "C, and finally centrifuged for 10 min at 13 000 g. PCR amplification was carried out in a 100 p1 (total volume) mixture containing 5 p1 of the supernatant and 95 pl of a solution which contained 0.5 pM primer GI, 0.5 pM primer L1, 200 pM each dNTP (Pharmacia Biotech), lop1 Gene Amp l o x PCR buffer (Perkin-Elmer) and 2.5 U AmpliTaq DNA polymerase (Perkin-Elmer). PCR amplification was performed with an OmniGene TR3 CM220 thermal cycler (Hybaid). After an initial denaturation step of 2 min at 94 "C, a total of 25 cycles of amplification was performed using the following thermal profile: 1 min at 94 "C (denaturation), 7 min at 47 "C (annealing) and 2 min at 72 "C (elongation). The last cycle was followed by a 7 min extension step at 72 "C. To check on possible contamination, a negative control containing distilled water instead of template DNA was included in each experiment. The 16s-23s rDNA intergenic spacer regions were amplified twice for each Staphylococcus strain included in this study. To investigate the reproducibility of the band pattern obtained by PCR amplification, ten independent PCR amplifications were performed for Staphylococcus capitis subsp. capitis CCM 2734T, and the amplicons were included on ten different gels. Gel-to-gel variation of PCR fragment migration was assessed by comparing S. capitis subsp. capitis CCM 2734T profiles in these gels. The mean size and standard deviation of each fragment were calculated and compared. Genomic stability was tested by passaging single colonies of S. capitis subsp. capitis CCM 2734T from TSAB three times a week over 5 weeks. The amplified products were analysed by electrophoresis with a GNA-200 apparatus (Pharmacia Biotech) at a constant 4-5 V cm-l 4 h in 3 YO agarose gels (Metaphor; FMC) containing 2 pg ethidium bromide ml-l (BioProbe System) in 0.5 x TBE buffer. The PCR products were visualized by UV fluorescence. To calculate the lengths of fragments, DNA Molecular Weight Marker VI (Boehringer Mannhein) was included on each gel every eight lanes. The gels were photographed under UV light with an MP-4 camera (Polaroid) using a Wratten 2A filter with a Polaroid type 55/pn film, and then scanned. The lengths of the PCR products of each strain were calculated automatically by using the RestrictoScan and RestrictoTyper programs (Taxolab, Institut Pasteur, Paris, France). The similarity of the strains was calculated using the Dice coefficient, and hierachical clustering was performed using the unweighted pair group method with averages (UPGMA). For some groups of species that could not be differentiated because they showed very little variation in their patterns, the amplified products were digested with 20 U DraI or HinfI, as instructed by the manufacturer (Oncor Appligene). The digested PCR products and the amplicons of the same strain without digestion were run side by side on the same gel.
All the strains except S. aureus CCM 885T were typeable. The mean size and the standard deviation of S. capitis subsp. capitis CCM 2734T amplicons were calculated from the results of ten separate PCR runs. The standard deviation did not exceed 10 bp, indicating good reproducibility. The level of uncertainty in the calculated sizes of amplification products did not exceed 2-6 YO. Fifteen subcultures (three per week) of the same strain were amplified to test genomic stability. We did not observe a variation in the number of fragments within the 5 week test period. The standard deviation of fragment size with time did not exceed 4 bp for each of the fragments when run on the same gel. In some cases, weaker and unreproducible amplification products were observed and were not con- (Fig. 1) . Staphylococcus carnosus and Staphylococcus arlettae also showed special patterns with only one fragment of 314 and 375 bp, respectively. When several strains of the same species were tested, the pattern showed very little variation within a species, with the exception of S. aureus and Staphylococcus saprophyticus subsp. saprophyticus which showed more than one pattern. Five different patterns were observed for S. aureus, the most heterogeneous species. Nevertheless, the S. aureus patterns shared a core of common fragments: 569 bp (patterns 1-5), 457 bp (patterns 1, 3, 4, 5) and 437 bp (patterns 1-4) which allowed discrimination from other Staphylococcus species (Fig. 1) . S. saprophyticus subsp. saprophyticus strains presented two patterns differing by two large fragments (368 and 360 bp). Pattern 2 was represented by only one strain (Fig. 1) . The method did not allow discrimination of subspecies within a species (Fig. 1) . (1 1 ) 5. sciuri (3) S. pasteuri (1 3) 5. gallinarum (3) 5, delphini (2) 5. felis ( Staphylococcus vitulusl Staphylococcus auricularis presented a high similarity in the number and the size of fragments, we performed enzymic digestion of the PCR products before electrophoresis. Restriction of PCR products with DraI allowed complete differentiation between all these species and confirmed identification to the species level (Fig. 2) . Restriction of PCR products with Hinff also showed a specific pattern for each of the species tested. However, this enzyme generated a greater number of fragments per profile when compared to DraI. Restriction by one or the other enzyme did not improve discrimination of subspecies within a species, as shown for S. cohnii subsp. cohnii and S. cohnii subsp. urealyticurn with DraI digestion (Fig. 2 ). Finally, we tested five Staphylococcus sp. strains which could not be identified by phenotypical tests. The first strain, N970267, was quickly confirmed to belong to the group of novobiocin-susceptible staphylococci. Although the shape and the pigmentation of the colonies, resistance to fosfomycin, and other biochemical characters made us suspect that it was S. capitis subsp. ureolyticus, it was impossible to achieve a definite identification, mainly because of the absence of nitrate reductase and the presence of N-acetylglucosaminidase and pyrrolidonyl arylamidase. PCR amplification of intergenic spacers of this strain showed the pattern specific for S. capitis (Fig. 3) , thus confirming our presumptive identification. Four additional strains (N920 102, N930332, N940056 and N940057) were not identified by the ID32 STAPH system and other complementary tests (19), and were considered to be biochemical variants. Strains N940056 and N940057 were isolated from blood cultures of the same patient and were difficult to identify because of variations in some tests (D-fructose, lactose and sucrose acidification, and urease activity) when different subculture media or detection methods were used. The other two strains were atypical because of the absence or presence of fermentations uncommonly encountered in Staphylococcus epiderrnidis isolates. DNA-DNA hybridization and ribotyping demonstrated that these four strains belonged to the species S. epidermidis. PCR amplification of intergenic spacers showed the pattern specific for S. epiderrnidis and confirmed these identifications (Fig. 3) .
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A PCR-based strategy for studying the length polymorphisms of the 16s-23s rDNA spacer regions has proved useful for both epidemiological (6, 14) and taxonomic (2, 10) investigations. In our study, PCRmediated amplification of the 16s-23s rDNA spacer region using oligonucleotide primers G1 and L1 as described by Jensen et al. (10) proved to be an adequate tool for the identification of 220 Staphylococcus strains representing 3 1 species. PCR products were generated by using a unified set of primers and PCR conditions without regard to the origin of the bacterial DNA. Among Staphylococcus species, the lengths or nucleotide sequences of the 16s-23s rDNA spacer region, as well as the exact number of rRNA operons per genome, have only been determined with precision for S. aureus (7) . Consequently, the lengths of amplification products could not be predicted in our study. We showed that the lengths of the 16s-23s rDNA spacer region of Staphylococcus species, which varied from 104 to 771 bp, are similar to the lengths described for other genera (8). Despite of similarities in the sizes of 16s-23s spacer amplification products, each of the Staphy lococcus species examined could be identified by its PCR profile. These results were in agreement with the biochemical and phenotypical methods (4) previously used to identify these strains. The potential usefulness of restriction enzyme analysis with DraI or Hinfl has already been reported for S. aureus which Notes presents cleavage sites for both enzymes (7) . Both enzymes were tested to improve the discrimination between Staphylococcus species which presented a high similarity in the number and the size of 16s-23s spacer fragments. We showed that only restriction of PCR products by DraI permitted the discrimination of all species tested. PCR-mediated amplification of the 16s-23s rDNA spacer region can be considered an additional tool for the identification of atypical Staphylococcus strains as demonstrated in this study with the identification of five atypical Staphylococcus strains as S. epidermidis (four strains) or S. capitis (one strain). Our choice of primers proved adequate for Staphylococcus species identification. However, Gurtler & Stanisich (8) suggested that, at least from a theoretical standpoint, amplification of all the 16S23S rDNA spacer regions from a strain is most likely to be successful when using region 2 of the 16s rRNA gene and region 10 of the 23s rRNA gene for primer construction (8) .
Following their recommendations, we tested primers 2 and 10 on ten Staphylococcus species but did not obtain a better discrimination than with primers 3 and 5 (or GI and Ll) (data not shown).
Our method did not allow detection of intraspecies polymorphism among most of Staphylococcus species, with the exception of S. aureus and, in a limited fashion, S. saprophyticus subsp. saprophyticus. For S. aureus, we observed a high level of heterogeneity (five different PCR patterns for eight strains), confirming the results of previous studies (10, 16) . Other authors who used primers 2 and 7 with S. aureus strains (3, 15) demonstrated the utility of these primers for studying the molecular epidemiology of S. aureus. However, more strains from defined outbreaks and other sources should be compared to confirm the possible application of the study of intergenic spacer length polymorphisms with G1 and L1 primers for the epidemiological typing of S . aureus isolates. It may also be possible to improve the separation of bands by the use of other methods such as denaturing gradient gel electrophoresis (DGGE) or single-strand conformation polymorphisms (SSCP) ; however, these methods are not easy to use in the routine microbiology laboratory.
In conclusion, the study of the length polymorphisms of the 16s-23s rDNA spacer region by PCR-mediated amplification with primers GI and L1 (lo), showed significant promise as a tool to identify Staphylococcus strains to the species level. Current on-going studies indicate that this method allows identification of a clinical Staphylococcus strain at the species level within 24-48 h of receipt of a pure culture, and that it can be readily and economically implemented, thus enabling routine use in the clinical microbiology laboratory.
